HE S 17
B AR

HEER, BENERES

B EK#B& (Bayesian network) , X TE{E S A& (belief
network) HEFMMBMEEE (directed acyclic graphical
model) , B—EHXENREY, FHARAMRIBE (direced
acyclic graphs, or DAGs ) H 1§ %1 — 40 BE # & %
{XI,X2a see aXn} & E n :%H 1% 14: ﬁ $ ﬁ E ( conditional
probability distributions, or CPDs) BIMHE, BFIMES, HEK4H
A ARKRTERARMEAAREABIEERRR , WEEME Do e

BERT, BERARTTARH S BTRRRERZRE o

R, R EE 2R,
—iEms, ERARMNELREIRE N AEIEER MM E S,

CHALNSTHENNEE, NASETRE. KASUS, EEWENSNHBARLHER
BN AEARMERRIEEBI ; MBS E HEA DR — R RAEE

Sprinkler

Grass wet

(parents) 1 , B—MEZE R (descendants or children) | , FEIRSIAEEE —EREEEE, b
B, BAUX,RAFEIEHE, M0 TE UPRRT, ;i TR UCFRT ; B—mME—&
HAIR B CAERAEE, KEBAFINER, RPIRAIE SR —rT LIS :

P = {X4’X5}’Cz = Q’P‘l = @, Cy = {X27X5}aP5 = {X4}) LX&C% = {X2}

ABHHERT, ERARERAEHHNEERBNEEENERT, BRBP(X;|P)I &M%
K HIRMAMER (conditional probability table, or CPT) , IbEHEERNE—5] (row) FIHFR
BAEEENP, 817 (column) FHFFERIRERAEMNYX,;, BE—FIAKEEMNKASL, BH
BHEREREMBEZFBBHREREL, BEEGHEMNILE RAREEETSHMEBZERREE
7 ; BEREHMERNEERE: S2HMX,2HREN MR FrEMM TR1 , WM EE=R
RMEESFENELERXYFERAE, TEABE— B KERTEDHEEEZ GHHER,


https://zh.wikipedia.org/wiki/File:SimpleBayesNetNodes.svg
https://zh.wikipedia.org/wiki/%E6%9C%89%E5%90%91%E6%97%A0%E7%8E%AF%E5%9B%BE

X,
Xs X4 01
0 0 | 1.0 0.0
0 1 0.2 0.8
1 0 |0.910.09
1 0.02 0.98

Bl—: EBoEEE R EERR

B3R

Xs
01

BEEs
BEAX# (Markov blanket)
EHIsREA
RfgRs*
AR R
fetgttsm (RMREHZE)
1B, BAETE:

2EBEM, BAEATE (BERER) .

HmrReF (FIRHEE)
FEF

253

HrEpERS

BEER

0.32 0.68
0.94 0.46



https://zh.wikipedia.org/wiki/File:%E6%A2%9D%E4%BB%B6%E6%A9%9F%E7%8E%87%E8%A1%A8.jpg

£ G = (LE) R-—EBREIRE (DAG) , EF IXKRETFENSMMNES, M E KRB EE
HGENES, B2 X=X)c AHEREIREFNNE G i MTARZEHES, SR X 89
Bt EMR S EE R LIRRB

p(z) = [ p(2i | pags))

iel
BB X AAEHN—ARERE G NE KK, Efpa(i)RREFiz TH -
HESHBREH, HERSORTHREBNREIMBRAEEKIEHERMSEH:

n
P(X]_ = {Bl,...,Xn = IL'n) = HP(XZ = T; |Xi+1 =£l?7;+1,...,Xn = {L'n)
i=1

R L, MU —B KRB SRR

P(Xl =T1y.-- ,Xn = Zn) = HP(XZ =&; | Xj = :L'j) (ﬁ’éﬂﬁl*ﬁﬁﬁéXﬁ"J MH) &8 Xj ﬁ'ﬁ%_)
i=1

FEmERTNZENERMFEEERES, FRERERT, SEMHE F) 28T, KLEHR

MRS DERBKBBRELVE, FRERRBNG AR UMEEERNEIEREE. 24Im
=, ARSI EEHEEEROIREA—FAHREIREN, —EERNRETARMABHLEA
E5tH21 = 1024/8(& ; BEBI10ESEPEEMAESH AR (R SHIBB=/ELLKE,
BB AR ISR REZ R EEL10 « 23 = S0EEE T, Z—EEXNARBEIHENR: HA
BME, ERRESMEHNSSUBESTHREBUSIEKEEFDISIE (local distibution) AIE

BErRIkE (Markov blanket)

EHE MR BRI RS MR ENR,. REMERBBNRANIAINZES, —BAEH
BRI XBER, SEBNZE—EHRXETHEAMNERIFHEIINGE, MBXSEEN—FR
HIRE GRY H AR,

SHIREA

BRAEmMERMRRE(SL,S:), EEXHEIERER (UMURRZ) , EEF ERRINHE
EEMINRGEE—ERRBEENINETER, FLtitH RERAvASEE A ART A NE — Y
B, Me@ANEExms, IEMEANREE: T (KT HF (KK . IItERERZES
WRDBECR ARTAK

P(U, Sl,Sz) = P(UISl,Sz) X P(,S'2|S'1) X P(Sl)



https://zh.wikipedia.org/wiki/%E5%9B%BE_(%E6%95%B0%E5%AD%A6)

Server 2

Server 1| i

F 0.3
T 0.y 0.3
User
Server 2 Server 1| T E
F F a 1
F T 1 a
T F 1 a
T T 1 0

B—: HEE KERGIF
ERFRALOEN: RREHNFEEEFRANEZIHE, RE—[ARSBIMINEFEZEH S HIH
o) FEMWILIERRIE, MmitERMEE BRI A A REHEFIR Z R
P(S1 =T, U= T)
P(U=T)
_ ESge{T,F} P(SI =T,8, U= T)

ESI,SQE{T,F} P(U: T, 51, 32)
_ (0.4 x 0.3 X 1)y—r,5,=T,5,=F + (0.4 X 0.7 X 1)y—1 5, =7,8,=T
(0.4 % 0.3 x 1)zrr + (0.4 X 0.7 X 1) 775 + (0.6 X 0.3 X 1) prr + Orrs
~ 68.96%-

REF*

ULAlFR—ERGENECERERE, BRMRERYREME, ERERYISEIIRTGIERK

P(S;=T|U=T)=

RISER S RGEEERARMUHE, RIS ACAHMNENRSE, —RKR, BREEEL
THERE:
YRR

= FUSHEIEE (W0 ERGIF)

» BEUHTTEERE (variable elimination)

EM IR (FMFESE)

= BEERIRERE
» ERBRERE
= BININERRE


https://zh.wikipedia.org/wiki/File:%E7%B0%A1%E5%96%AE%E7%9A%84%E8%B2%9D%E6%B0%8F%E7%B6%B2%E8%B7%AF%E4%BE%8B%E5%AD%90.jpg

« ERIKHESHMEEEEEL (Markov chain Monte Carlo algorithm)
Elt, UERXBERMREEREZA6, XEUXBERMTERREEZNEREES, HEEERN
YERAAE—EMRE, BEENUTERDR:

(1) FEEPkERHEP—ERGTESENEES
(2) #4514+ B P(X; [Markovblanket (X, ) itk I X, 008, HEEHHE
P(X;|Markovblanket(X;)) = aP(X;|parents(X;)) x H parent(Y;)
Y; echildren(X;)

EEMERR, BFIIEETEEREENRE, A UKEANEMMEFRRDEL, BAIXES
WREERRZNEMEESERANMERENRRYL, (BREEFHE L AIRA T A RE I,

= HERHER LRERBIRSHMEBNE, RSB U EGERREHERRIOKE, 7i&, 10
REMEBEBNSERME, MU EREBAFFEAZIFERNEEGRRAGEHSH, —RM
=, HGARAEETIEGER L2 ERMNER, KRB KRGS T #ENSAERNT
AT, BFITLID R FHIEEBR:

=l BAE HiE

B | 58 BRABEEHE (MLE)

N EMREA
BAl | Sk Greedy Hill-climbing method

KA | B ESBERETMH
HEEREA
RE | BB | EMTEESE

Bound contraction

TG ENED, FE—T R

1EMEH, RAE:E:
HEERFFRAPI AT LA SR A EHE (MLE) 2RR1F28. HBEUMRES

1 n 8
L=+ D log(P(X;|pa(X;), D;))
i=1 =1
Hpa(X; ) RERX;NAEE, D,AKRSE HERAE, NAREBEAEBEERRVRE
ME —E61F, HMRILKREBERUNGEABMEStINA

’I’L(U = 'U,,Sl = 81,82 = 82)
n(Sl = 31,52 = 32)

A ENpA] R ERERE ST HER URMR G DS, MRERBREMER, ERAEMNENA
HEIMAUECRENRITRKESE,

P(UI’U,lSl = 31,52 =82) =

2 EMERN, BUETTE (FRREN)


https://zh.wikipedia.org/wiki/%E9%A9%AC%E5%B0%94%E7%A7%91%E5%A4%AB%E8%92%99%E7%89%B9%E5%8D%A1%E6%B4%9B
https://zh.wikipedia.org/wiki/%E5%90%89%E5%B8%83%E6%96%AF%E9%87%87%E6%A0%B7

NRBLMBE ARG, JLUEREMERE (Expectation-Maximization algorithm) 2&RTE H
2N R RERMEETH. MEMERZNNEERRENNRFAEEHAENERERN T, M
EEMEREE, NESRABIMEsHE. MEMERZNSBRINT:

(1) BXLERGEHN2H—ERIGE, ARFARGENEMNERE, REEMKRER
FENRERVIRFEAE(E, BERAESTHNERASTAE, Bit=BREAETANLRENRAR
PMEETINR, SRR (IEZAG) -

. _ . _EN(U=u,S’1=31,52=32)
P(U—’U,|Sl—81,52—82)— EN(81=31,52:32)

HAPEN () AREBRBIES 28T, SR FREBEES

EN(z) = EY_ I(z|D(K)) = Y, P(z|D(K))
k k

(2) AR ABMEETI, REKBHZEEFIEE, NLEESR (1) & (2) , 5E
AL, BIRSEIRERNSHEFHE,

bl (FISHER)

EERMEER—ERRERE LRGN F, EIRASHZELHREETRRENEK,. &R
—KEX—EZMFARAZNERES, E210FHAE, SKROEBWMRESE (Smoker) , CHKFEK
BEAEEE (Cancer) , BAREEBRELZRER (bronchitis) , DINREEHE MK K 2 K2 1%
(dyspnea and asthma) BYSEAR. 12 1 Fog 95K Ry M TSy . HEEPREEETRR
B =,

%_ —
No. of Answers to learning data
observation | § & B D
1 1 1 1 1
2 1 0 1 ]
3 1 0 0 0
4 0 0 1 1
5 ] 0 1] a
b 1 0 0 0
7 1 1 1 1
8 0 0 0 0
9 0 0 0 1
10 0 0 0 ]



https://zh.wikipedia.org/wiki/File:%E8%A1%A8%E4%B8%80.jpg

N
o

El= - EEEaYH KRR

KRRV ERBIVERBSHEROE, SHMRKEINEHFIZBMmE, FALLRATERE

P(A,B
H IR B SRS, BEM, tERATP(A|B) = ; (1’3))EJ%'JﬁiEﬁ,i!iﬁEi’\Ji%B%%%%ﬁHﬁﬁé
WEATEMBNGERE, ST SRBERILHREMIERE (Conditional probability Table;
CPT) £, REE, BERERNBSHETRTIIRFHE:

P(S,C, B, D) = P(S) x P(C|S) x P(B|S,C) x P(D|B,C)
HERK=
FERREMRKREG SRR EHRNESEFEHECPTRETREHRNERR, HEEAH

%%):%D%%E%%Do HPZREARAZENAE, CHRETHEANIRE (REMRIBRINE
) o

F =

No. of Answers to IL‘:ITllill;_'l, data Network
data proha-
sel Ly e B D hility

] 0 0 0 0 0.3

2 0 0 0 I 0.1

3 0 0 1 I 0.1

4 ] 0 0 0 0.2

5 ] 0 1 0 0.1

6 I I 1 I 0.2



https://zh.wikipedia.org/wiki/File:%E5%9C%96%E4%B8%89%EF%BC%9A%E9%86%AB%E8%97%A5%E7%9A%84%E8%B2%9D%E6%B0%8F%E7%B6%B2%E8%B7%AF%E7%B5%90%E6%A7%8B.jpg
https://zh.wikipedia.org/wiki/File:%E8%A1%A8%E4%BA%8C.jpg

S | P(S)
0 | 05
/ 1 | 05 \‘
S | € | B PSCB S | € | PS5O
0 o 0 0.4 0 | 0 0.5
0| o i 5 B P | 0
o0 [ 1 0 0 I 0 0.3
0 [ 1 | 0 [ ] 02 |
R e e T e L
i 0 | 1 0.] /
| 1 [ 0 0
C B D | P(CBD
T ] 0.1
\ 0 1 0 0.1
] ] 1 0.1
| 0 0 0
1 [ 0 |
1 ] 4] 0
[ [ | 0.2
5 A
L P(S)
| §=0 | §=1
(0505
P(B/S,C) P(C/S)
B=0 | B=1 C=0 | C=1
s=0 | c=0 | 0.8 02 |*—(8s=0] 1 | ©
§=0 | C=1 | 0.5 0.5 §=1 | 0.6 | 04
S=1 | C=0 | 0.67 | 0.33
S=1 =1 0 [ /
\[ P(D/B,C)
f; D=0 | D=1
U B=0 | C=0 | 083 | 0.17
| B=0 | C=l 0.5 0.5
B=1 C= 0.5 0.5
. B=l C=1 0 1



https://zh.wikipedia.org/wiki/File:%E5%9C%96%E5%9B%9B.jpg
https://zh.wikipedia.org/wiki/File:%E5%9C%96%E4%BA%94.jpg

=

: Answers to learning data Network
No. of :
data set pruFIuhtl—

hY C B D ity
: 0 0 0 0 0.332
% 0 0 0 ! 0.068
3 0 0 1 0 0.05
4 0 0 1 ! 0.05
5 0 1 0 0 0
6 ] 1 0 | 0
7 ] ] 1 0 0
8 0 1 1 1 0
? ] 0 0 0 0.164
10 1 0 0 1 0.034
i 1 0 1 0 0.051
12 ] 0 1 ! 0.051
13 1 1 0 0 0
14 1 ; 0 1 0
15 1 1 1 0 0
16 | 1 1 1 0.2

BUEHNEN LAMRERRER:

LENEED = {dy,...,d,}, Bd; =z,...,a") (TEAXSLERNE, HERREY
B2 , A—HEnERIE. S—ERIEaaNW > 2)Eesx?,. ., xN, sy
BAY =0,1,...,a9 —1(a¥) > 2)i#REE,

2.t B R RS BGAHRNIERIF (predecessors) ’éﬁ%ﬁ%é{l‘[(”,...,ﬂ(m}, i ¥ 5BjE
gizh, IV AHBRBMNES, =12,...N

380185 (instantiated node) {XP = o1, ..., XP = o\ AEBEDAIIREE, BELLIRERY
WAL, MREABATES, HERHREETR

FERR—WENENE —WE KABER, TESMBH (insantaed node)
{S=0,C =0}, BHEHABIERRENEREE: P(S=0)=1,P(C=0)=1

R
LIBAEEZRERIIKEP (B) =7
2I/MAEEWIRFEERN#ZEP (D) =7

R
1.P(B=0[S=0,C=0)=0.8

P(B=1|S=0,C=0)=0.2
#W#40.2


https://zh.wikipedia.org/wiki/File:%E8%A1%A8%E4%B8%89.jpg

2.P(D=0|S=0,C=0)

=P(D=0,B=0/S=0,C=0)+P(D=0,B=1|S=0,C =0)
—=P(D=0/B=0,5=0,C=0)x P(B=0|S=0,C =0)

+P(D=0/B=1,8§=0,C=0)x P(B=1|S=0,C =0)

P(D=1|S=0,C =0)

=P(D=1,B=1/§=0,C=0)+P(D=1,B=0[S=0,C = 0)
—P(D=1B=0,§=0,C=0)x P(B=0|S=10,C =0)

+P(D=1B=1,§=0,C=0)x P(B=1|§=0,C =0)

FER

BRERBEATELLEEYRREYERBERFITER. EREERE. BEEREDN.

Eg EX
Eﬁé\

2EXM

XHEDR. BRR. RRXERG. TE2. EHES. BREES

= A.N. Terent' yev and P. |. Bidyuk. METHOD

OF PROBABILISTIC INFERENCE FROM
LEARNING DATA IN BAYESIAN
NETWORKS. Cybernetics and Systems
Analysis, 391-396, Vol. 43, No. 3, 2007

» Emilia Mendes and Nile Mosley. Bayesian

Network Models for Web Effort Prediction: A

Comparative Study. IEEE
TRANSACTIONS ON SOFTWARE
ENGINEERING, 723-737, VOL. 34, NO. 6,
NOVEMBER/DECEMBER 2008

= Yu. V. Kapitonova, N. M. Mishchenko, O. D.

Felizhanko, and N. N. Shchegoleva.
USING BAYESIAN NETWORKS FOR
MONITORING COMPUTER USERS.
Cybernetics and Systems Analysis, 789-
799, Vol. 40, No. 6, 2004

IMNEREAS

Ben-Gal I., Bayesian Networks, in Ruggeri
F., Faltin F. & Kenett R. ,Encyclopedia of
Statistics in Quality & Reliability, Wiley &
Sons (2007).

Radu Stefan Niculescu, Tom M. Mitchell
and R. Bharat Rao, Journal of Machine
Learning Research 7 (2006) 1357-1383

N. Terent' yev and P. I. Bidyuk. METHOD
OF PROBABILISTIC INFERENCE FROM
LEARNING DATA IN BAYESIAN
NETWORKS. Cybernetics and Systems
Analysis, 391-396, Vol. 43, No. 3, 2007

P. l. Bidyuk, A. N. Terent'ev, and A. S.
Gasanov. CONSTRUCTION AND
METHODS OF LEARNING OF BAYESIAN
NETWORKS. Cybernetics and Systems
Analysis, 587-598, Vol. 41, No. 4, 2005

= A tutorial on learning with Bayesian Networks (https://web.archive.org/web/2006071917155
8/http:/iresearch.microsoft.com/research/pubs/view.aspx?msr_tr id=MSR-TR-95-06)

= An Introduction to Bayesian Networks and their Contemporary Applications (http://www.nied
ermayer.ca/papers/bayesian/bayes.html) (TTEFEF (https://web.archive.org/web/20170
521075321/http://www.niedermayer.ca/papers/bayesian/bayes.html), 7ZF EEXMILZRIE)

= On-line Tutorial on Bayesian nets and probability (http://www.dcs.gmw.ac.uk/%7Enorman/BB
Ns/BBNs.htm) (TIEFAEED (https:/web.archive.org/web/20090504220301/http://www.dc


https://zh.wikipedia.org/wiki/%E8%A8%88%E7%AE%97%E7%94%9F%E7%89%A9%E5%AD%B8
https://zh.wikipedia.org/wiki/%E7%94%9F%E7%89%A9%E8%B3%87%E8%A8%8A%E5%AD%B8
https://zh.wikipedia.org/w/index.php?title=%E5%9F%BA%E5%9B%A0%E8%AA%BF%E6%8E%A7%E7%B6%B2%E8%B7%AF&action=edit&redlink=1
https://zh.wikipedia.org/wiki/%E8%9B%8B%E7%99%BD%E8%B3%AA%E7%B5%90%E6%A7%8B
https://zh.wikipedia.org/wiki/%E5%9F%BA%E5%9B%A0%E8%A1%A8%E9%81%94
https://zh.wikipedia.org/wiki/%E9%86%AB%E5%AD%B8
https://zh.wikipedia.org/wiki/%E6%96%87%E6%A1%A3%E5%88%86%E7%B1%BB
https://zh.wikipedia.org/wiki/%E8%B3%87%E8%A8%8A%E6%AA%A2%E7%B4%A2
https://zh.wikipedia.org/wiki/%E6%B1%BA%E7%AD%96%E6%94%AF%E6%8F%B4%E7%B3%BB%E7%B5%B1
https://zh.wikipedia.org/wiki/%E5%B7%A5%E7%A8%8B%E5%AD%B8
https://zh.wikipedia.org/w/index.php?title=%E8%B3%87%E6%96%99%E7%B5%90%E5%90%88&action=edit&redlink=1
https://zh.wikipedia.org/wiki/%E5%9B%BE%E5%83%8F%E5%A4%84%E7%90%86
https://web.archive.org/web/20060719171558/http://research.microsoft.com/research/pubs/view.aspx?msr_tr_id=MSR-TR-95-06
http://www.niedermayer.ca/papers/bayesian/bayes.html
https://web.archive.org/web/20170521075321/http://www.niedermayer.ca/papers/bayesian/bayes.html
https://zh.wikipedia.org/wiki/%E4%BA%92%E8%81%94%E7%BD%91%E6%A1%A3%E6%A1%88%E9%A6%86
http://www.dcs.qmw.ac.uk/~norman/BBNs/BBNs.htm
https://web.archive.org/web/20090504220301/http://www.dcs.qmw.ac.uk/~norman/BBNs/BBNs.htm

s.gmw.ac.uk/%7Enorman/BBNs/BBNs.htm), 77F EELMI4ZRIE)

= Web-App to create Bayesian nets and run it with a Monte Carlo method (https://web.archive.
org/web/20170601002137/http://princesofserendib.com/)

= Continuous Time Bayesian Networks (http://robotics.stanford.edu/~nodelman/papers/ctbn.pd
) (TEERED (https://web.archive.org/web/20181009114501/http:/robotics.stanford.edu/
~nodelman/papers/cton.pdf), FF EEXMIHZRIE)

= Bayesian Networks: Explanation and Analogy (https://web.archive.org/web/2013122522470
1/http:/iwiki.syncleus.com/index.php/dANN:Bayesian_Network)

= A live tutorial on learning Bayesian networks (http://videolectures.net/kdd07_neapolitan_Ib
n/) (FAIEERED (https://web.archive.org/web/20210415003910/http://ivideolectures.net/kd
d07_neapolitan_lbn/), FFEBKMAZERIE)

= A hierarchical Bayes Model for handling sample heterogeneity in classification problems (htt
p:/lwww.biomedcentral.com/1471-2105/7/514/abstract) (TAEZER4E % (https:/iweb.archive.
org/web/20150109031607/http://www.biomedcentral.com/1471-2105/7/514/abstract), T

BEXMIYZIE) |, provides a classification model taking into consideration the uncertainty
associated with measuring replicate samples.

= Hierarchical Naive Bayes Model for handling sample uncertainty (http://www.labmedinfo.org/
download/Imi339.pdf) (TIEF4ED (https://web.archive.org/web/20070928081740/http:/
www.labmedinfo.org/download/imi339.pdf), ZFFEEEMILZRIE) , shows how to perform

classification and learning with continuous and discrete variables with replicated
measurements.

BY B “https://zh.wikipedia.org/w/index. php?title= B K48k &oldid=70614629"
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